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EX?ERIXS:BTS ON AIRFOILS WITH AILERON AND SLOT. * 
By A. Betz. 

Report 11, No. I V ,  8 ,  gives  the r e s u l t s  of '!Tests on 

S l o t t e d  Wingst1 (For  t r a n s l a t i o n  see EdcCook F ie ld  Uemo Report 

No. 124).  

experiments on t h r e e  a i r f o i l s  t o  which the r e a r  por t ions ,  

having chords respec t ive ly  1/4, 1/3, and 2 /5  of t h e  t o t a l  

chord, a r e  hinged s o  as t o  form a i l e r o n s ,  espec ia l  a t t e n t i o n  

The present  r epor t  contains the  r e s u l t s  of a few 

b e i n g  given t o  the shape of the  s l o t  between the  a i l e r o n  and 

t h e  main p o r t i o n  of t h e  a i r f o i l .  The shape and arrangement 

o f  t he  a i r f o i l s ,  together  with t h e  s i z e  of t h e  a i l e r o n s  and 

s l o t s ,  a r e  shown i n  Figure 1. The f r o n t  po r t ion  was the  same 

i n  a l l  t h ree  cases ,  as l ikewise  t h e  loca t ion  of t h e  a i l e r o n  

h inge  D. 

The a i r f o i l s ,  made i n  t h e  usua l  manner from sheet  metal  

and p l a s t e r  of P a r i s ,  were reotangular  with a span of 120 cm 

(47.24 in . )  and respec t ive  chords of 18, 20, and 22 cm (7.09, 

7.87, and 8.66 in . ) .  The manner of suspension from the  three- 

component ba lance  was t h e  same as f o r  the  IIExperiments with 

- Three Horizontal  Empennages" (See N.A. C. A. Technical Memorandum 
*"Untersuchungen a n  Fl3geln m i t  Klappen unci Spalt , l l l  
gebnisse  d e r  Aerodynamischen Versuchsanstalt  zu Gottingen,'! 
Report 111, 1927,  pp. 137-112. 

From "ET- 
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No. 419, Fig. 2 ) .  

The mna&xitude of the a i r  f a r c e s  on the  d i f f e r e n t  a i r f o i l s  

a t  d i f f e r e n t  aile,ron s e t t i n g s  w a s  f i r s t  determined. 

t e s t s  were made f o r  only two a i l e r o n  se t t ings .  

of t e s t s ,  t he  upper o r  suc t ion  side of t h e  a i r f o i l  remained 

p r a c t i c a l l y  constant,  and i n  t h e  o ther  s e r i e s  t he  lower o r  

p re s su re  side. These s e t t i n g s  corresponded t o  the following 

a i l e r o n  de f l ec t ions  p, which are  spec ia l ly  noted i n  t h e  

diagrams and t ab le s .  

Complete 

I n  one s 

Aileron 1: Suction side constant a t  p = - 3', 

Pressure side constant  a t  f3 = -14'; 

Ai leron 2: Suction s ide  constant a t  p = + 3' 

Pressure s ide  constant at B = -11 0 .  

Aileron 3: Eluction s i d e  constant a t  p = + 2' 

Pressure s i d e  constant  a t  = - 9 0 . 

The !Zero pos i t i on  of the  a i l e r o n s  i s  shown i n  Figure 1, 

as a l s o  the  reference l i n e  € o r  the  angle  of a t tack .  Pe r fec t  

constancy could not  be  a t t a i n e d  on t h e  pressure s ide  s ince,  

due t o  the  pos i t i on  of the pivot  i n  the  upward d e f l e c t i o n  of 

t h e  a i l e ron ,  i t s  leading  edge was lowered, thus a l t e r i n g  the 

o u t l i n e  of the  under s i d e  of t he  a i r f o i l  a t  this point .  I n  

t h e  other  a i l e r o n  s e t t i n g s  t e s t s  were made ocly i n  the v ic in i -  

t y  of t he  poin t  of maximum l i f t .  
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Figures 2-4 and Tables I-XIV contain t h e  r e s u l t s  of t h i s  

f i r s t  s e r i e s  of experiments. The reference surface,  tak 

t h e  basis f o r  the  ca l cu la t ion  of t he  coe f f i c i en t s ,  is  the  

maximum pro jec t ion  area of the  a i r f o i l  at f3' = 0. 

chord corresponding t o  t h i s  p o s i t i o n  w a s  taken as the  a i r f o i l  

chord f o r  t he  ca lcu la t ion  of %. The reference ax i s  f o r  the  

moments i s  the  lead ing  edge of t h e  a i r f o i l  o r  i ts  p ro jec t ion  

on the  chord corresponding t o  t he  usual d e f i n i t i o n  (Page 32 of 

Report I). A s  was t o  be expected, t h e  l i f t  increased w i t h  in- 

c r eas ing  de f l ec t ion  of t h e  a i l e r o n  accompanied, however, by 

a n  increase i n  the drag. The flow also became detached at  

smal le r  angles  of a t t a c k  f o r  l a r g e  a i l e r o n  de f l ec t ions  than 

f o r  small. angles  o r  f o r  no def lect ion.  

The a i l e r o n  moment w a s  found b y  another  ' s e r i e s  of experi- 

ments, i n  t he  same was as f o r  the hor izonta l  empennage, but i n  

each case for only two angles  of a t t a c k  of the whole a i r f o i l .  

The a i l e r o n  moment Mk and the  moment c o e f f i c i e a t  "k were 

ca l cu la t ed  i n  a way siqilar t o  the  one used f o r  ca l cu la t ing  

t h e  elevator  moment (See N.A.C.A. Tkchnical Liemoranduin 110. 419). 

I n  Figure 5 t h e  C% values a re  p l o t t e d  against  t h e  angle  of 

a t t a c k  a and the  a i l e r o n  deflectLon p. Contrary t o  the  case 

of  the hor izonta l  empennage with a s 7 m e t r i c a l  p r o f i l e ,  a con- 

s idcrable  increase i n  the ai1ero.n moment w i t h  increas ing  s i z e  

of  a i l e r o n  i s  sogetimes found, while the  magnitude of t h e  angle  
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LOO c, I I 100 cw a 

-6.3' -41.5 3.22 
-0.5 - 9.4 1.61 
+2.5 +11.6 1.50 
5.4 35.4 I 2.03 
11.2 4.92 
17.1 i 9.95 
20.1 1 110.2 13.6 

4 

100 

-4.4 
+O. 4 
5.3 
11.5 
23.8 
31.1 
30.7 

of a t t a c k  dioes not  wake so much d i f f e r e n c e  here. 

The numerical values  o€ t he  moment c o e f f i c i e n t s  a r e  con- 

t a i n e d  i n  Tables XV-XVII .  

-29 7 
-t 8.4 
33.5 
55.1 
93.7 
108.2 
125.3 
125.5 

IiYinK, with Aileron 1 

2.68 
1.55 
2.11 
3.14 
6.55 
8 58 
12.5 
17.7 

Span b=120 em; Tota l  chord 

TABLE I. 

Ai l e ron  d e f l e c t i o n  p = - 3' 

CL ] ~ O O  

13.9' 151.6 
16.9 156.5 
19.9 153.2 

SUC 

a 

-6.4' 
-0.5 
+2.4 
5.3 
11.1 
14.1 
17.0 
20.0 

--- 

100 CW 100 Cm 

17.2 57.5 
22.2 59.0 
26.6 57.5 

CL 

13.8' 
16.8 
19.8 

I t  -- 
100 em 

1.3 
10.0 
17.5 
22; 4 
31.6 
33.8 
39 0 4 
40.1 

7 \ 

100 C a  100 CW 100 cm 

182.0 29.9 77.9 
183.0 33.4 I 76.0 
165.9 39.2 i 71.0 

TABLE 111. 

a 100 ca 

10.8O 188.0 
13.8 188.7 
16.8 184.5 
19.8 167.2 

Ai le ron  d e f l e c t i o n  13 = 17' 

100 GW 100 ~ ; m  

28.7 86. 5 
33.1 84.2 
38-8 so. 5 
44.9 75.1 

t-18.0 em; T o t a l  area F=2160 em2 

TABLE 11. 

Ai le ron  d e f l e c t i o n  p = - 14' 

n 

TABLE I V .  

Ai leron d e f l e c t i o n  F = 29' 

172.0 
65.1 
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a 

-6.3' 
-0.5 

Wing with Ai l e ronA.  

Span b=120 em; Total chord t=20.0 em; Tota l  a r e a  F=2400 em2. 

TABLE V I I .  TABLE V I I I .  

A i l e ron  d e f l e c t i o n  f3 = 3' Aileron d e f l e c t i o n  f3 = - 11 0 

100 ca 100 cw ' 100 % 

-49.8 4.30 -10.1 
- 9.8 1.42 + 0.2 

+2.5 ' 4-12-0 
5.4 I 1 33.1 

11.2 I 75.5 
17 .0  111.4 
20.0 1 111.2 

1.29 5,6 
1.81 10.7 
4.40 21.4 

10.3 31.9 
14.3 32.4 

TABLE IX. TABLE X. 

Ai le ron  d e f l e c t i o n  p = 45' Aileron d e f l e c t i o n  

41.4 
39.8 43.2 
45.8 81.6 48.4 

a 100 e a !  ~ Q O  CW 

-0.7' 53.6 3.25 
+5.1 ' 92.0 6.70 
10.9 1129.2 j 12.6 

148.5 i 20.4 
143.0 I 24.4 

Vina w i t h  Ai leron 3 .  

100 C, 

32.2 
41.2 

54.0 
52.4 

50.0 

Span 

A i l e i  
a 

-0.9 
+5.O 
10.8 
16.7 
19.8 

b=120 ern; Total  chord t=22.2 cm; 

TASLE X I .  

)n deflc 
100 C a  

72.7 
108.4 
142 1 
257.9 
145.0 

: t ion 
100 cvp. 

4.96 
9.60 

16 .6  

30.2 
25.8 

A i l e r  = 2 0  

100 Gm a 
-- 

4G.1 -6.2 
48.3 -0.4 
55.8 -2. 5 
59.6 +5.4 
57.0 fl. 2 

17.0 
20.0 

= 61' 
100 % 

86.4 
85.4 
81.6 

Total  a r e a  F=2660 cm2. 

TABLE XiI* 
n deflec 
100 c, 

-59.7 

+ 0.2 
22.7 
64.9 

103.3 

-250 3 

110.3 

;ion (3 = - g o  
100 cw 

5.16 
2.06 
1.26 
1.57 
3.80 
8.96 

13.2 

100 cm 

-15.7 - 7.2 
+ 0.2 

6.2 
16.9 
27.7 
31.8 
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(Cont.) 
I 

Span 6=120 cm; Total  chord t=22.2 ma; Tota l  a r e a  F=2660 cm2 

TABLE X I I I .  

TABLE XV. 

Wing w i t h  Ai le ron  1. 

Aileron  Area FK = 552 cm2; 

Ai le ron  0 
Angle of 
a t t a c k  

a 
3 O  
I! 

I! 

18' 
!I 

I t  
It 

3rd t u  = - 
Aileron 
def lee- 
- t i o n  f3 

-14' 
- 3  
+29 

-14' 
- 3  
+17 

29 

1-84 
2.18 
5.98 

1.83 
0.77 
6.14 
9.53 

TABLE X I V .  

TABLE XVI. 

Wing wi th  Ai le ron  2.  

Aileron Area FK = 792 61%~'; 

Aileron C 
Angle of 
a t t a c k  

30 
01 

II 

I f  

18 
II 

I! 

TABLE X V I I .  

Wing w i t h  Aileron 3 .  

Aileron Area 

Ai le ron  Chord t K  = 8.8 an. 
Angle of I Aileron  

FK = 1055 em2; 

atTack 
a ____--- 

3 O  
II 

I I  

15' 
11 

!I 

def lee- 
t i o n  B 3  

-go 
4-2 
46 

-90 
4-2 
46 

0.80 
12.63 
28.25 

4.73 
15.10 
30.66 

Trans l a t ion  by 
Dwight 11. Miner, 
Wational Advisory Committee f o r  Aeronautics. 

*. - -  - _ * _ . -  

3rd tu = 
Aileron 
def lee- 

-- 

--==-#- -11 
+ 3  

-no 
+ 3  

57.5 

42.5 

3, 6 cm - 

100 cx 

0.36 
6.36 

29.00 

2.48 
10.03 
24.80 
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A l z r o n  2 
0 /3 = 3°03Jegative-pressure s ide  

-4- /3 =-11 Pos i t ive -  It tt 

__Qt_- p = 450 
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Fig. 3 
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r2il2roi-1 3 
---@---p = z0 0 Negative-pressure side. 
-p =-9 Positiae- It 11 

-----0--p = 4 5 O  
- 0  - p = 5 3 O  

0 10 20 / 30 40 

Fig, 4 
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